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INTRODUCTION
The "belt of tungsten mineralization associated 
with the Sierra Nevada batholith of California and Nevada 
has long been of interest, both to the academic geologist, 
and to those whose primary interest is profit from a mining 
operation.
The tungsten deposits associated with the Sierra 
Nevada batholith occur mainly toward the northeast, in a 
broad arc extending from the area of Bishop, California, 
through northwestern Nevada to the Oregon-Nevada border.
The writer first became interested in these unus­
ual mineral deposits as a result of two summers spent as 
engineer on the staff of the New Idria Mining and Chemical 
Company's Strawberry Mine in Madera County, California.
While carrying out routine geologic mapping at Strawberry, 
familiarity was gained with this characteristic example of 
the "contact metamorphic" type of tungsten deposit, and 
certain simple relationships were observed that contradicted 
general concepts concerning tungsten ore genesis.
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Broadly speaking, "contact metamorphic" ore de­
posits are those formed at the margin (contact) of an igne­
ous mass during intrusion, metamorphism, and crystalliza­
tion .
From personal observations made at the Strawberry 
and several other mines, and from reading numerous descrip­
tions of other "contact" occurrences, it seemed probable 
that the contact relationship itself might be only one facto: 
in the formation of these deposits, and that other controls 
of mineralization might point to useful new exploration cri­
teria .
Area Studied
The area studied in this report covers the northern 
portion of the Sierra Nevada batholith, from Bishop, Cali­
fornia, on the south, to the Oregon-Nevada line on the north, 
where the extension of the batholith, if present at all, is 
covered by the Columbia Plateau system volcanics (see Figure 
1} P-3). Most of the important tungsten occurrences are 







Object of the Report
The object of this study is to investigate the 
factors that play a part in localizing tungsten deposits, 
and to assess their value as guides useful in exploration 
for tungsten.
Many factors relating to tungsten mineralization, 
such as mineral paragenesis, type of associated intrusive 
rock, chemistry of metasomatism, and theories of the origin 
of the mineralizing solutions will be touched upon from 
time to time in this report. However, as these are all sub­
jects far beyond the scope of this investigation, they will 
only be mentioned, with the main emphasis of the paper being 
the identification and evaluation of general exploration 
gui des .
Method of Investigation
An extensive survey of the literature concerning 
tungsten deposits in general was made. Tungsten mineraliza­
tion associated with the Sierra Nevada batholith received 
particular attention. Each tungsten deposit in the area 
was carefully located and plotted on a 1:500,000 base map., 
using a symbol keyed to the production class of the deposit
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(see Figure 2, pocket) . It was hoped that fairly accurate 
statistics on the production from each deposit could he 
obtained. Due to the reluctance of most mine operators to 
release production figures, this was quickly found to be 
impossible. Therefore, a great number of mines were classed 
by estimating their production.
After the deposits were located on the base map, 
the general geology at each deposit was reviewed as care­
fully as possible, using geologic maps and available litera­
ture. The object of this initial survey was to relate the 
pattern of tungsten deposition to large-scale structural 
features, and to identify deposits showing evidence against 
a classic "contact metamorphic" genesis. Deposits showing 
these features were marked for future study.
Extensive field investigations and literature 
studies were made of those mineral occurrences showing 
unusual features. Special emphasis was placed on the 
smaller tungsten deposits, for it was hoped that due to 
lack of extensive mining operations, thejre would be less 
physical disturbance and geologic relationships might be 
better preserved. Also, these small deposits have not been 
subjected to intense mineralization, making it more likely 
that subtle control features might be seen.
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II. TUNGSTEN MINING IN THE AREA
According to United States Bureau of Mines sta­
tistics (Holliday, 1960, p„ 903), about 60$ of the domestic 
output of tungsten since 1900 has come from California and 
Nevada.
The first production from the state of Nevada was 
recorded in 1900 (Rothwell, 1901, p. 658). In that year, 
a small amount of concentrates were produced from a heubner- 
ite vein south of Osceola, near the base of Wheeler Peak in 
northeastern Nevada.
The first of the "contact metamorphic" occurrences 
to be discovered, the first tungsten deposit discovered 
within the project area in Nevada, was the deposit associated 
with the St. Anthony stock, west of Toy, Pershing County, 
Nevada (Map. No. 223). This deposit was located for silver 
in 1908, but when the assays showed tungsten and no silver, 
the St. Anthony Mines Company was formed to mine tungsten. 
Little work was done until 1915 (Hess and Larsen, 1921, 
p . 246 ) .
Many other discoveries were recorded in the next 
few years, but it was not until 1915 that Nevada became an 
important tungsten producer. A total of 55 tons of 60$ WO^
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were produced in the state in that year (Fink, 1917 , p. 728). 
This amounted to about 40$ of the United States domestic 
production for 1915.
The first discovery of tungsten in California was 
made in 1905 when the deposits at Atolia just south of the 
project area in Kern County were found (Meeks, 1906, 
p. 558). In 1913, the first deposit in the soon-to-be 
important Bishop area in Inyo County was discovered. This 
deposit, later named the Jackrabbit Mine, which was found in 
August, 1913 (Knopf, 1917, p. 231), marked the firBt dis­
covery in that part of California covered in this paper.
Tungsten production in Nevada and California con­
tinued on a varying scale in the years following World 
War I.* The intensity of prospecting effort and the amount 
of production during this time depended upon the world 
price for tungsten. The price of tungsten was governed by 
a combination of factors. Immediately following the war, 
the need in arms and war machinery manufacture decreased, 
freeing tungsten for civilian use. Also, at this time the
♦When production in Nevada and/or California is 
referred to, the total production of the state is meant.
Only when the term "project area" is used will the produc­
tion refer to this smaller area.
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first production from the newly discovered deposits in China 
reached the world market (Li and Wang, .1943, p. 412-430). 
These two factors caused a drop in price of enough magnitude 
to close most of the tungsten mines in the United States.
As the uses for tungsten increased in the 1920's, the price 
began to rise. World rearmament in anticipation of another 
world war made the price continue to climb during the 1930's 
(Li and Wang, 1943, p. 427). These price-production rela­
tionships may be seen by referring to Figure 3 (p. 9).
As prices increased, U.S. mines reopeaed and re­
sumed production. By 1927, the Nevada-Massachusetts Company 
became the largest producer of tungsten in Nevada (Fink, 
1928, p. 594), and in 1928, Nevada became the leading pro­
ducer in the United States (Fink, 1928, p. 592).
In 1940, as Bishop district production increased, 
California overtook Nevada to become the leading tungsten 
producing state in the nation (Ridgeway and Davis, 1940, 
p. 618). California has held this position since that time, 
largely because of the output of this single district.
Tungsten is considered a "war metal," and a glance 
at Figure 3 will show that during World War I, World War II, 
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the greatest tungsten output in the history of United States 
production, during the period 1952 to 1956, was the direct 
result of a government stockpiling program.
Stockpile purchase of tungsten concentrate was 
authorized under the Strategic and Critical Materials Act 
of 1946 (Public Law 520, approved July 23, 1946), and the 
Defense Production Act of 1950 (Public Law 774, approved 
September 8 , 1950). As the price the government agreed to 
pay for tungsten concentrate was considerably higher than 
the market price at that time (compare the price during 
1949-1950 to the support price in 1952 from Figure 3), 
many operators were induced to go into production on depos­
its that were of too low grade to be profitable under normal 
conditions. When the close of the stockpile program drew 
near, these operators convinced Gpngress to pass the Domes­
tic Minerals Program Act of 1953 (Public Law 206, approved 
July 7, 1953), which extended the program for two more years. 
In the end, Congress realized that the tungsten stockpile 
was full, and the price they were paying for tungsten was 
too high. The program was abruptly terminated.
With removal of government price support, domestic 
production of tungsten almost ceased. In Nevada, the great­
est production during the period of government subsidy was
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during 1955, when over 350,000 units of WO3 were pro­
duced from over 170 different properties (Davis and Fischer, 
1955, p. 673). In the postsuhsidy year of 1960, tungsten 
ore production was limited to four mines, only one of which 
produced as much as 50 tons of crude ore (Davis, Ashizawa, 
and Giorgetti, 1960, p. 645).
As was demonstrated again during the years of 
the stockpiling program, the area covered in this report is 
a proven producer of tungsten. Tungsten mining in the area 
is presently very depressed, hut this is due to the present 
market conditions, not depletion of the orebodies.
Should a favorable market develop, preferably 
without government intervention in the form of subsidies or 
price supports, tungsten mining could again take an impor­
tant, more stable place in the economy of the region.
III. THE SIERRA NEVADA TUNGSTEN PROVINCE 
General Geology
In relation to tungsten mineralization in the 
Sierra Nevada tungsten province, the important chapters in 
the geologic history are seen to be: (l) during Paleozoic
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and Triassic-Jurassic time, a thick sequence of sediments 
were deposited in the western portion of the Cordilleran 
geoByncline, a large, north-south trending, sinking trough 
that was a major feature of what is now the western United 
States, The carbonate beds in this sequence were later 
important as hoBts to tungsten mineralizationj (2) the 
emplacement of the Sierra Nevada batholith and associated 
intrusives during late Mesozoic time. Some of the features 
responsible for the control of tungsten deposition appear 
to correspond to those features responsible for the em­
placement of the intruBivesj (3) the development of the 
basin and range structure during Cenozoic time. This basin 
and range structure is characterized by elongate, asymetri- 
cal ranges formed from tilted fault blocks, and alluvium 
filled Yalleys. ThiB structure is important, as it is 
superimposed over the structure that controlled formation 
of the tungsten deposits, making it that much more diffi­
cult to determine those structures important in the control 
of mineralization,
Osmond, 1960, using information from many sources, 
haB compiled a brief, but complete, paper concerning the 
geologic history of the Basin and Range Province. If more 
information is deBired on the subject, Osmonds' paper is 
an excellent synthesis.
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Tungsten Deposits of the Province
Three tungsten producing provinces have been 
recognized in the western United States (Kerr, 1946, p. 3). 
This report concerns the northern portion of the western­
most of these three provinces (see Figure 4, p. 14).
Tungsten mineralization in the California-Nevada 
belt is related to post-Jurassic igneous intrusives. Tung­
sten deposits are found in or near areas of intrusive igne­
ous activity. Recently Burnham (1959, p. 63), in a study 
using the concentrations of trace elements in sulfide min­
erals to define metallogenic provinces, has defined a "belt" 
which partially corresponds to Kerr's western tungsten arc 
(see Figure 5, p. 15). Burnham (1959, p. 70) states that, 
"despite the close parallelism of tectonic belts and metal­
logenic belts, neither can be regarded as the cause or ef­
fect of the other, but both the gross tectonic features and 
metallogenic belts are probably the effect of some more 
fundamental cause."
In any event, the intrusives in the project area 
are definitely related in space, but perhaps not in time, 










was guided by largely undefined structural features, some 
of which may be deep in the earth's crust. Mineralization, 
manifesting a later stage of the magmatic cycle, resulted 
from solutions and/or gases moving along the same pathways 
as the parent igneous bodies.
In analyzing the distribution of ore deposits and 
belts of mineralization, one must take into consideration 
that large areas must be discounted, for they are underlain 
by rocks which could not have acted as host to a given type 
of ore deposit. Also, large areas are covered by rocks 
younger than the mineralization (cover rocks). Another 
appreciable share of the rock can not contain tungsten ore 
deposits for it is the parent igneous material.
Figure 6b (p. 18 ) is a generalized geologic map of the 
project area, showing three important relationships:
(l) intrusive igneous rock, (2) host rock, and (3) cover 
rock. An appraisal of the factors governing mineralization 
may be made using this map.
The first factor to consider is topography. In 
general, rock outcrops are limited to the series of paral­
lel mountain ranges of the area, as the valleys are, in 
most places, deeply filled with alluvial cover. Although 
pediments are locally well-developed, they may be consid­
ered, for all practical purposes, as part of the ranges.
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The next factor to consider is cover rockj rocks 
formed after the formation of the tungsten minerals cannot 
contain tungsten ore deposits. In this case, all rock 
younger than early Cenozoic may be ruled out as possible 
locations for tungsten deposits. There are, of course, 
exceptions to this, notably the hot spring deposits at 
Golconda, Nevada, and the alluvial deposits at Atolia, 
California. A few placer occurrences are also known in 
Nevada, as at Dutch Flat in Humboldt County and in the 
Battle Mountain District. These, however, are not "contact" 
deposits. It may then be said that the only areas favor­
able for tungsten occurrences are those where sediments 
of Paleozoic of Triassic-Jurassic age crop out. A further 
limitation is imposed by the need for nearby intrusive 
igneous activity to supply the source of mineralizing solu­
tions .
Figure 6a (p. 17) is an overlay for the geologic
map showing tungsten deposits in the project area. It shows 
that the majority of occurrences fall near areas of contact 
of host rock and igneous rock. In some cases, deposits 
seem to fall in the center of large igneous masses, or in 
alluvium. Here, the scale of the map has made it necessary 
to omit important local detail. Many areas can be seen
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on the map that would seem to be favorable for tungsten 
mineralization. For example, there are more areas of con­
tact between host and igneous rock that are barren than 
there are mineralized contact areas. This may be partly 
explained by the fact that host rock on the map includes 
all sediments of Paleozoic and Mesozoic age. If it were 
possible to delineate separately the areas of calcareous 
country rock, a more perfect definition of the favorable 
areas would appear. This seems to be one of the reasons 
for the lack of deposits on the western slope of the Sierra 
Nevada in California, an area that has perhaps the largest 
amount of contact zones shown on the map. That is, these 
sediments are of the correct age, but are not of the right 
type. Very few calcareous sediments are found in the 
Sierra Nevada region of California.
It can be seen then, that the occurrences of tung­
sten comprise a rude metallogenic province, belt, or arc, 
but due to the complications of Basin and Range structure, 
cover rock and incomplete exposure of host rocks receptive 
to ore, the trend and extent of such a zone may not be 
precisely defined.
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IV. THE CONTACT METAMORPHIC CONCEPT 
Tungsten Metallization
When an igneous rock intrudes a sedimentary series,
the altered and recrystallized rock mass formed at the con-*
tact is referred to as a contact metamorphic zone. From 
time to time, other terms, such as contact metasomatic, py- 
rometasomatic, and igneous metamorphic have been suggested 
to convey this mode of genesis. The term "contact metamor­
phic, " perhaps because simple terminology is more appealing, 
has survived. Concentrations of valuable minerals formed 
in this zone are known as "contact metamorphic" ore deposits. 
An illustration of the classic concept of a "contact meta­
morphic" tungsten deposit is shown in Figure 7 (p. 22).
This shows the deposit forming on the limestone side of the 
contact, with ore concentration limited to limestone mem­
bers of the intruded sedimentary series.
Except in a broad sense, the term "contact meta­
morphic" deposit is not appropriate. Minerals that are 
characteristic of this type of deposit are not confined to 
the contact zone alone, but may occur in the invaded strata 
at a considerable distance from the contact, or (rarely)
Figure 7
I
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within the igneous body itself. In some cases, the con­
tact may even be barren, with mineralization occurring 
some distance out in the country rock.
Figure 8 (p. 24) shows the tungsten ore horizon 
at the Rose Creek Mine (Map No. 198), a "contact" deposit 
formed at a considerable distance from any intrusive con­
tact. Figure 9 (p. 25) shows another deposit without a 
closely related igneous contact, the Quick-Tung No. 6 (Map 
No. 181). Both of these occurrences have repeatedly been 
referred to as typical "contact metamorphic" deposits. It 
is logical to assume that these deposits are related to 
intrusives at depth, but they are not "contact" deposits if 
the definition of a contact deposit is closely adhered to. 
Factors other than the contact must be responsible for the 
localization of these deposits.
Although there is considerable evidence relating 
the origin of tungsten deposits to igneous intrusives, the 
factors that govern the distribution of the tungsten min­
eralization and/or the metamorphosed zone are not clear.
The intrusives associated with various ore bodies vary 
considerably in shape and size, and the concentrations of 
tungsten follow no definite pattern with respect to the
intrusive bodies.
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In describing the Mackay region in Idaho, a cop­
per district associated with a contact zone, Umpleby (1913, 
p. 70) questioned if metamorphism occurred at the time of 
intrusion or later; and suggested that there could be suc­
cessive waves of metamorphism.
It Is obvious that all contact deposits do not 
conform to the simple concept commonly envisioned for this 
type of deposit. Despite this fact, deposits are still 
being described as ’’typical contact metamorphic deposits," 
bringing to mind the type pictured in Figure 7 (p. 22).
This leads to misguided thinking in reference to known 
deposits, and ±n reference to the exploration for new 
deposits.
The formation of contact deposits is not a simple, 
clean-cut process. The process more than likely begins 
with formation of some contact minerals at the time of in­
trusion* Later, as the contact rocks cool and the igneous 
rock begins to solidify and contract, solutions continue 
to move along the contact, as it is a zone of weakness 
and is likely to fracture. These solutions increase meta­
morphism and result in mineralization. Fractures, more 
permeable beds, and other structural conditions tend to 
guide the solutions, causing metamorphic effects to be
✓
localized in one area rather than another. Tungsten min­
erals could form at any time during this process, or con­
tinuously throughout it.
Contact Minerals
The minerals present in contact deposits vary 
greatly from one area to another, hut among them are us­
ually garnet, epidote, diopside, tremolite, hornblende, 
quartz, calcite, wollastonite, chalcopyrite, pyrite, and 
numerous minor minerals including scheelite, powellite, 
and molybdenite. The minerals mentioned may be largely 
formed from materials introduced by the solutions that 
caused the metamorphism. These minerals form an inner 
zone, beyond which is another zone that has a simpler 
mineralogy in which wollastonite or tremolite and recrys­
tallized calcite are the principle minerals (Hess, 1919, 
p. 377).
Tactite, the common name applied to metamor­
phosed rocks containing tungsten deposits in this area, 
may be defined as a rock of more or less complex mineral­
ogy formed by the contact metamorphism of limestone, dolo­
mite, or other soluble rocks into which foreign matter from
irstir-u.-'t • •• -
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an intruding magma has been introduced by hot solutions or 
gases. It does not include the enclosing zone of wollaston- 
ite, tremolite, and calcite (Hess, 1919, p. 378).
Contact Metamorphic Zones
Chapman (1937, p. 859) in his paper on the contact 
metamorphic deposit of Round Valley, California, states that 
the metamorphism in the limestones there is arranged roughly 
into three zones, the zone of dark silicates which corre­
sponds to Hess' tactite, the zone of light silicates, and 
the zone of marble.
The sequence of metamorphism is thought to be as 
follows: (l) formation of the marble zone, (2) formation
of the light silicate zone, (3) formation of the dark sili­
cate zone. Kerr (1946, p. 55) has referred to the first 
step as marmorization, to the second as initial replacement, 
and to the third as advanced replacement. The advanced re­
placement, or dark silicate zone is what is commonly re­
ferred to as tactite.
The later zones, reflecting more intense metamor­
phism, overlap and cover the earlier ones. These zones 
range outward from the intrusive mass, with the area of
29
most intense metamorphism closest. These metamorphic zones 
are alteration halos surrounding areas of igneous intrusion.
Changes in the country rock due to metamorphic 
effects may serve as evidence that a buried intrusive zone, 
with associated tungsten metallization, is present. Kerr 
(1946 , p. 58) states that in a photograph of the terrain 
near the tungsten deposits at Oreana, Nevada, white patches 
due to marmorization stand out in contrast to areas of gray 
limestone. Similar relationships were observed in the 
area of the Divide Mine in Douglas County, Nevada (Map 
No. 73). The limestones surrounding the mine area have 
been transformed to marble and wollastonite, and apprecia­
bly lightened in color. On an aerial photograph, this zone 
shows up very distinctly as a light patch in contrast to 
the dark limestones in the area. Figure 10 (p. 30) shows 
the extent of the alteration zone in relation to the mine.
Hypogene Zoning of Tungsten and Molybdenum
Tungsten and molybdenum, due to the similar prop­
erties of their cations, often occur together. Along with 
other metallic elements, tungsten and molybdenum are con­
centrated in the last parts of the melt to crystallize.
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However, tungsten generally remains longer in the magma 
than does molybdenum (Rankama and Sahama, 1950, p. 625). 
Thus, the presence of molybdenite or of scheelite which 
contains molybdenum could indicate that these minerals were 
early formed, or formed close to the source of mineraliza­
tion. This statement is verified by Krauskopf (1953, p. 8) 
who says that where contact relations are simple, molydenite 
and powellite are generally found closer to the intrusive 
than is scheelite. Therefore, in relation to the raetamor- 
phic halos mentioned in the preceeding section, it would 
seem logical that the molybdenum bearing minerals would oc­
cur in greatest concentrations in the dark silicate zone. 
Solutions moving on through the light silicate zone and out 
into the surrounding marble zone would tend to become weaker 
in molybdenum. Thus it would be expected that the mineral 
to be formed in the outer area would be close to pure 
scheelite.
Kerr (1946, p. 60) describes what he calls a re­
gressive effect in areas where contact metamorphism has 
been fairly intense. As the contact area cools and frac­
tures, temperatures and pressures decrease and solutions 
rich in silica retreat from the outer areas, moving back 
toward their original source area. These solutions form
32
quartz veins lacing the tactite zone. In some cases, these 
veins contain late-formed scheelite. It is not clear whether 
this is part of the original content of the solutions, or 
whether it is picked up hy the solutions as they pass 
through previously mineralized tactite, then redeposited.
It would seem, therefore, that three types of 
deposits could be distinguished, or perhaps more correctly, 
deposits of three periods and/or intensities of mineraliza­
tion would occur:
(1) Tungsten mineralization in tactite close to a con­
tact, formed from the first fluids to leave the 
magma.
(2) Tungsten mineralization in the light silicate zone, 
forming from an ore fluid low in molybdenum content.
(3) Tungsten mineralization in tactite close to a con­
tact, cut by quartz veins, and showing evidence of 
several periods of mineralization.
The type of deposit associated with an intrusive 
would depend upon many factors, among which are: (l) the 
size of the intrusive and the depth at which intrusion oc­
curs, (2) the time span over which mineralization took 
place, and (3 ) the mineral content of the solutions passing 
through the contact zone.
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In observing examples of these three types, those 
of type one tend to be of low grade. Those of type two 
seem to be very low grade. However, if some factor (such 
as an exceptionally restricted structural and/or stratigraphic 
trap) is present to localize mineralization, they form 
small, but high grade deposits. Deposits of type three are 
the most common of the group, and tend to be the largest.
One example of the first category is the Gunmetal 
Mine near Mina, Nevada (Map No. 105). Here, a massive gar­
net contact zone has developed on a limestone-granodiorite 
contact. Scheelite occurs in tiny specks disseminated 
throughout the tactite, and fluoresces a pale yellow, show­
ing the presence of molybdenum.
The Divide Mine, Nevada (Map No. 73) and the 
Quick Tung No. 6 in the Stillwater Range, Nevada (Map 
No. 181) are examples of the second type. Both of these 
occurrences are some distance from a contact, and the scheel­
ite has been concentrated in small, high grade deposits.
The scheelite in them fluoresces pale blue or sometimes 
white, showing the general absence of molybdenum.
The large deposits at the Pine Creek and Straw­
berry Mines in California and at the Nightingale Mine in 
Nevada are examples of the third class. At these mines,
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quartz veins cut the tactite, and in some cases, add more 
scheelite to the scheelite already present in the tactite.
At the Strawberry Mine (Map No. 231) scheelite fluorescing 
both yellow and blue-white may be found in the same areas, 
Suggesting the possibility of several periods df mineraliza­
tion.
At the Pine Creek Mine (Map No. 178) the tactite 
along the veinlets of quartz is lacking in scheelite, sug­
gesting that the solutions that formed the quartz veins may 
have dissolved scheelite from the walls and redeposited it 
with the quartz (Kunkel, 1960, p. 7).
Contrary to this, the quartz veins at the Straw­
berry Mine seem to have played an important role in raising 
the scheelite content of the tactite bodies where the veins 
cross them. At points in the mine where these veins cut 
aplite dikes, the dikes are themselves rich enough in tung­
sten to be mined as ore.
On the basis of the few observations of mineral
zoning made, a few tentative conclusions may be made. A
mineral zoning relationship would be important in explora- *
tion for tungsten.
The most important item brought out is that the 
largest orebodies are likely to be the ones closest to the
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sources of mineralization. Since the contact area is clos­
est to the source, and the contact itself is likely to be 
a solution channelway, the chances are best that the de­
posits nearest to the contact will be the largest and of 
the best grade.
If there have been several periods of mineraliza­
tion, again the deposits nearest the contact are the ones 
most likely to have been enriched.
Of importance to the prospector is the fact that 
deposits away from the contact not only are common, but are 
likely to be of very good grade. Since the deposits of 
this type that were seen were too small to interest the 
larger mining companies, the small operator would be the 
only person likely to be interested in them. A deposit of 
this type, the Quick-Tung No. 6, worked by two men, is one 
of the few tungsten properties operating in Nevada at this 
ti me .
The Role of Structure
As with other types of orebodies, the structure 
of the host rock plays an important part in the localization 
of contact metamorphic orebodies. Of prime importance, of
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course, is the presence of an igneous contact. It has been 
shown that the contact orebodies may be formed after the 
intrusion of the igneous body, but the presence of the con­
tact is still important as an avenue of travel for miner­
alizing solutions.
Configuration of the Contact
The configuration of the contact itself is impor­
tant in localizing ore deposits. In reference to the tung­
sten deposits of the Osgood Range, Humbolt County, Nevada, 
Hobbs and Clabaugh (1946, p. 13) have observed the larger 
tactite masses to have been localized by irregularities of 
the contact, particularly by projections of limestone into 
the granodiorite.
The relationship between the attitude of the in­
truded sediments and the contact is important. At the Gran­
ite Greek Mine, one of the deposits of the Osgood Range, the 
tungsten mineralization is more nearly uniform throughout 
the whole mass of tactite in those areas where the limestone- 
granodiorite contact and the bedding of the limestone are 
essentially parallel. Where the contact forms an angle with 
the strike of the beds, the tactite bodies and the ore
X * naa*'- - n r s c i •»-- - r  :rrs:»-»v*:f  rr.u .• *•-*:
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within them are more irregular and may pitch in the direc­
tion of the dip of the beds (Hobbs and Clabaugh, 1946,
P . 16 ) .
At the Riley Mine in the same area, a structural 
control is exerted by sharp turns in the contact where the 
igneous rock cuts across the limestone bedding for a short 
distance before resuming a course more nearly parallel to 
the bedding (Hobbs and Clabaugh, 1946, p. 22).
An interesting special case of contact relation­
ships is the metamorphic inclusion. According to Bateman 
(1956, p. 18), the term inclusion implies that not only is 
the body enclosed in igneous rock in plan, but that it is 
underlain, and before erosion was overlain by igneous rock.
In his study of the tungsten occurrences in the Bishop area 
of California, Bateman noted that the best ore in an inclu­
sion tended to be at the top, just under the igneous capping, 
and that the grade generally fell off with increased depth. 
Therefore, if an inclusion were found where erosion had re­
moved the upper portion, and the inclusion showed minerali­
zation at the outcrop of too low a grade to be of value, 
it was not likely that better ore would be found belovr 
(Bateman, 1956, p. 19).
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In most cases, it is difficult to precisely evalu­
ate the reasons why the contact zone acts as a channelway 
for solutions, as the formation of tactite along the con­
tact has, to a great extent, obliterated most evidence. 
Perhaps the best evidence is the presence of the tactite 
itself. Hobbs (1948, p. 88) commented on this as follows:
It is a noticeable fact that the only pro­
nounced escape channels for later magmatic resi­
dues and post magmatic emanations are the zones 
of contact metamorphic rocks, the rocks that are 
now the densest, hardest, and perhaps the most 
impervious rocks in the whole area. It seems 
inevitable that these tactite zones, during the 
time of their formation, were channels for a suc­
cession of solutions whose effects are recorded 
in the replaced racks.
One thought on the reason why a contact zone is 
often a zone of fracture, thereby becoming a natural channel­
way for solutions is that it is less competent than either 
the solidified igneous rock or the intruded sediments on 
either side of the contact zone. It is, therefore, a nat­
ural zone of weakness between two relatively homogeneous 
bodies. The intruded sediments are unchanged except at 
the contact. Here they are heated, expanded, and subjected 
to chemical reaction. This expansion and subsequent con­
traction causes cracking and fissuring. The resulting
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fissures are excellent avenues of escape for later miner­
alizing solutions. The contact zone also provides the 
solutions their first favorable horizon for deposition of 
minerals. The igneous body itself does not offer a reac­
tive zone favorable to mineralization. The elements in the 
mineralizing solutions were those which were residual after 
crystallization of the magma; they are not likely, there­
fore, to react with the solidified magma to form ore zones. 
Most igneous rock minerals cannot incorporate tungsten in 
their crystal lattices. When these pregnant solutions pass 
from the unreactive igneous body to a chemically active zone 
such as a contact area, or even better, a limestone contact 
area, the solutions are no longer chemically stable and 
changes must occur, some of the modifications resulting in 
tungsten metallization.
Folding of the Sedimentary Host Rocks
The influence of folding has a number of effects 
in reference to tungsten mineralization. One simple, but 
important, role of folding is that it provides a thicker 
sequence of favorable beds to be mineralized. Smith and 
Guild (1944, p. 44) describe isoclinal folding in the
sediments near the Nightingale Mine, Pershing County,
Nevada. As the sediments in this area strike into the 
intrusive mass, and in general have a vertical dip, this 
means that the favorable limestones are at least of double 
thickness in the mine area. This provided at least twice 
the area available for mineralization at the contact as 
would have been there without the isoclinal folding.
In a paper concerning metasomatism, Bain (1936, 
p. 526) stated that in a given crystalline limestone, the 
pore space is greater, and the pores wider, where the beds 
are highly deformed on anticlines and synclines than where 
the beds are extremely regular. Increased porosity in beds 
along the axes of folding would make these areas more ac­
cessible to the ore-forming fluids.
At the Divide Mine, Douglas County, Nevada (Map 
No. 73), the deposit is apparently localized along the axis 
of a minor syncline and anticline. The structure is local, 
as the over-all dip of the limestones in the area is uni­
formly to the southwest. Figure 11 (p. 41) shows a generalized 
map of the Divide Pit and the surrounding area. The ore 
zone has been removed, and is now defined by the configura­
tion of the pit. An aplite dike cuts across the sediments 






indicate that the ore zone occurs in the more gently dipping 
portions of the limestone on the footwall side of the dike.
Faulting and Fracturing
The presence of fracturing in the host rock is 
widely recognized as an important control feature in most 
hydrothermal ore deposits. Schmitt (1935a, p. 56-58) wrote:
It seems likely that the primary factor in 
the localization and association of stocks, con^ 
tact pyrometamorphism, and ores is a deep cutting 
break of one sort of another in the crust of the 
Earth, that contact pyrometasomatic deposits are 
not derived from the stocks, hut their associa­
tion is the result of localization along mutual 
outlets to the crust. Preparation of the ground 
is considered essential.
In the course of field examination of tungsten 
occurrences in the project area, a number of deposits were 
seen which showed obvious relationships to local structure. 
The deposit at the Cherokee Mine, in the Pine Nut District 
of Douglas County, Nevada (Map No. 54), shows a definite 
relationship to a fault zone (see Figure 12, p. 43). At this 
property, faulting seems to have provided a crushed zone 
to act as host to the mineralization. This zone is cut by 
a later system of parallel quartz veins with associated
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scheelite. The ore zone, as seen by the shape of the pit, 
was that section of the fault zone intersected by the quartz 
veins. A shaft was sunk on one edge of the pit, probably 
in an attempt to follow the zone down dip in search for 
additional vein intersections. The shaft is caved, so it 
is not known what was found. This is a deposit that has 
been referred to as a "contact" deposit of tungsten. It 
does resemble a contact type deposit, as the country rock 
is metamorphosed limestone, and garnet and other "contact" 
minerals are present. However, the mineralization is re­
lated to the vein intersections, and an igneous contact is 
not in evidence.
The Hopi Mine (Map No. 115), in the same area, 
shows possible influence of bedding plane faults on the tung­
sten mineralization. At this deposit, scheelite occurs in 
one limestone bed interbedded among other beds very similar 
in appearance. The ore-bearing bed shows evidence of bed-, 
ding plane faulting on both its upper and lower margins. 
Scheelite was seen to occur near the margins of the bed, 
with lower concentrations near the center. The sediments 
in the Pine Nut Range are folded into a series of parallel 
northwest trending anticlines and synclines, and faulting 
may be related to this folding.
An interesting tungsten deposit occurs in the 
northern Pine Forest Mountains south of Denio, Humbolt 
County, Nevada (Map No. 70). It is the northern-most de­
posit of the province, as less than 1,000 feet to the north, 
young Columbia Plateau volcanic cover rocks begin. The 
mine occurs in a shear zone associated with a northeast 
trending fault. The rocks bounding the fault zone are 
gneisses, quartzites, and some metamorphosed limestones.
The gouge in the fault zone grades outward into a gneiss, 
then to intermingled granodiorite and quartzite. Tungsten 
mineralization occurs in areas of sedimentary rock in the 
fault zone. At its narrowest, the zone may be traced by a 
five-foot wide quartz vein; and at its widest, it is cut by 
many small quartz veins. Most of the tungsten mineraliza­
tion occurs in the wide area, associated with massive epi- 
dote, quartz, and some garnet. The scheelite occurs in 
fairly large crystals, and is almost free of molybdenum.
The tungsten mineralization appears to be associated with 
the fault which cuts the older sediments and the granodio­
rite. The control seems to be the presence of the fractured 
sedimentary beds in the fault zone. Figure 13 (p. 46) is a 















HUM BOLT COUNTY, NEVADA 
BY J.V.T. , 1962
Ore Zone
47
The Influence of Dikes
Many examples may he cited where dikes are numer­
ous in the vicinity of good ore zones in tungsten proper­
ties. However, in many of these cases, mineralization is 
related to the fracturing of the rock, and the dikes merely 
fill the fractures, but are not directly responsible for 
control of the mineralization.
At the Nightingale Mine in Pershing County,
Nevada, aplite dikes may control the localization of some 
of the ore. A number of flat-lying aplite dikes cut both 
the granodiorite and the sediments at the contact. In one 
large glory hole, beds of limestone have been replaced up 
to the aplite dike that intersects them, but the beds have 
not been replaced above the dike. One easily recognized 
bed can be traced from one side of the dike to another, 
showing that there has been no displacement of the beds 
along the plane of the dike (see Figure 14, p. 48). It 
could be that this is a control in some of the other parts 
of the mine, as large, flat-lying dikes may be seen in the 
walls of several of the large open pits in the area.
Figure 15 (p. 49) shows a small occurrence that was 
observed on the north side of the St. Anthony stock, near
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Toy, Pershing County, Nevada. Most of the sediments here 
are dark, thin-bedded shales, with some interbedded lime­
stones. Numerous dikes in the area intersect both the 
granodiorite and the sediments. At an intersection of a 
small aplite dike and a thin limestone bed, tactite miner­
als have developed. The mineralization and the dike are 
related to the same fracture, but are perhaps not related 
to each other.
Favorability of Host Rocks
A characteristic of tungsten "contact deposits" 
is their tendency to form in limestones or other carbonate 
sediments. The ore mineral, scheelite, is a calcium tung­
state, thus the presence of calcium in the form of calcium 
carbonate is of major importance in the formation of ore 
deposits of this metal. When tungsten mineralization oc­
curs in an area, the minerals will form concentrations in 
any lime rocks in preference to other sediments present.
At the Nevada-Massachusetts Mine (Map No. 259), 
the ore occurs in thin-bedded limestone beds in a series 
of limestones and shales. The limestone beds tend to lense- 
out along their strike, and at these places, the ore stops 
with the disappearance of the limestones.
J
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The tungsten occurrence at the Rose Creek Mine 
(Map No. 198), pictured in Figure 8 (p. 22), is very similar 
to the Nevada-Massachussets deposit. The ore occurs in a 
single lime bed in a series of argillites.
In the Osgood Range of Humbolt County, Nevada, 
the Osgood Stock is bounded on the west by hornfels and 
argillites. On the eastern side, considerable areas of 
limestone form the contact zone. All the tungsten mineral­
ization is associated with the limestone, and is predomi­
nantly on the eastern side of the range.
It is obvious that the composition of the host 
rock is an important feature in localizing tungsten deposits. 
This is very apparent in an area where limestones and other 
rocks are interbedded, as the mineralization will seek out 
the limestones. When mineralization occurs in one limestone 
layer in a thick sequence of limestones, the reason for this 
selection is not clear. A slight variation in composition 
or in physical properties between the different limestones 
could be the answer.
There seems to be a variety of opinions on the 
importance of the chemical composition of the intruded rock. 
Krauskopf (1953, p. 9) states that "the amount of tactite 
and scheelite in any one deposit seems to depend very little
/
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on the nature of the intruded rock, as long as enough lime 
is present; sizeable deposits are found in dolomitic and 
shaly limestones as well as in pure calcite marbles."
A slightly differing opinion is expressed by 
Bateman (1956, p. 16). In relating that dark-colored tac- 
tite is a commonor host for scheelite than lighter-colored 
tactite, he states,
dark-colored tactite commonly is formed from rela­
tively pure marble and its formation involved the 
introduction of the maximum amounts of silica, 
iron, and other substances (including tungsten) 
from the igneous magma. Most lighter colored tac­
tite, on the other hand, formed from impure calcar­
eous rock with the addition of smaller amounts of 
material.
Middlebrook, 1953, worked on the problem of chemical composi­
tion at the Nevada-Massachusetts property, but the results 
were largely inconclusive.
Physical properties, such as porosity, hardness, 
or susceptibility to fracturing or bedding-plane faulting, 
perhaps play a more easily discernible role in controlling 
mineralization.
Summary of Controls of Mineralization
The discussion up to this point has shown that 
the term "contact metamorphic" is misleading when used to
- • ri.T**-**-
53
explain the formation of one type of tungsten deposit. The 
term restricts this type of tungsten deposit to one formed 
on a contact as a result of the intrusion of an igneous body.
The association of tungsten deposits with contact 
zones is explained by their common source, the intruding 
magma. The contact zone forms as a result of the heat and 
solutions given off from the magma reacting with the invaded 
rock. Mineral deposits, including those of tungsten, form 
from solutions that leave the magma as it and the metamor­
phosed contact zone are cooling. Since tungsten minerals 
form under conditions of relatively high temperature and 
pressure, the mineralizing solutions do not move far from 
their source before these minerals find an environment favor­
able for their deposition. The first such area favorable to 
mineral formation is the contact zone, giving rise to the 
common association of tungsten deposits with contact zones. 
Since, in areas of tungsten metallization, not all contact 
areas are uniformly mineralized, factors other than the 
simple presence of the contact must be important in concen­
trating the mineralization.
Considerable evidence has been presented to show 
that structure plays a very important part in the formation 
of "contact" tungsten deposits.
j
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Even in deposits which appear to be perfect "con­
tact" deposits, variations occur in the intensity of miner­
alization along the contact. These differences in concen­
trations of mineralization are thought to be the result of 
variations in the local structure. The contact itself is 
only one control feature among many of at least equal im­
portance.
The local structural features observed to be im­
portant in localizing tungsten deposits are:
1. Irregularities of the contact, particularly projec­
tions of limestone into the igneous body.
2. Areas where the contact forms an angle with the 
strike of the bedding of the intruded rock.
3. Folding or areas of dip change in the intruded rock.
4. Fracturing along the contact.
5. Presence of aplite dikes and/or quartz veins.
6. Premineral faulting, providing areas accessible 
to mineralization.
V. EXPLORATION CRITERIA
Studies of the various tungsten occurrences out­
lined permits the compilation of a list of criteria helpful
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in exploration. Exploration guides may be considered as 
regional, district, and local.
Regional guides are beyond the scope of this re­
port. The area studied was chosen because it is a tungsten 
region or province. The reasons for the development of a 
tungsten metallogenic province in northwest Nevada have been 
indirectly referred to in relation to tungsten mineraliza­
tion.
District guides are considered to be those which 
will point out favorable areas within a larger district or 
mountain range area.
A local guide is one which would be helpful in 
exploring around a single property or small group of prop­
erties .
District Guides
Perhaps the most important feature to be used in 
the search for new tungsten areas is the presence of the 
correct geologic conditions. One important criteria is the 
presence of a sequence of sediments with limestone members. 
When carbonate rocks are found in contact with igneous in- 
trusives, the possibility of discovery of a tungsten ore 
deposit is greatly increased.
56
However, areas not known to be intruded by igneous 
rock should not be overlooked, The alteration effect de­
scribed in the section on metaraorphic zones (p. 25) may 
provide a useful exploration tool. Aerial photographs of 
areas of favorable host rocks could be studied, searching 
for zones of bleaching that could possibly point to a min­
eral deposit.
In summary, the important district guides are 
thought to be:
1. The presence of favorable host rock.
2. The presence of an igneous intrusive.
3. Zones of alteration within the host rock.
These guides, of course, are most obvious, and 
are well known to all who have ever prospected for tungsten. 
The last one listed is, perhaps, not too well known, as most 
prospectors do not associate alteration with tungsten de­
posits. On the other hand, zones of alteration stand out 
as being out of the ordinary, and the early prospectors 
seldom left any type of unusual outcrop unsampled.
I
Local Guides
Within a given tactite zone, orebearing zones 
will tend to be scattered. Therefore, in a mine area,
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conditions that cause concentrations of mineralization are 
important. The following is a list of local guides useful 
in this type of exploration. These features have been im­
portant in some of the deposits seen in the project area, 
and similar features will no doubt be important in fu.ture 
discoveries .
1. Areas where the attitude of the host rock is at an 
angle with the contact rather than being parallel 
to the contact are favorable for mineralization.
2. Areas where the contact is very irregular, causing 
re-entrants of sediments into the igneous mass are 
likely to have mineral concentrations around these 
projections .
3. Areas where sediments are folded are favorable. 
Deposits seem to concentrate in areas of changes 
in dip.
4. That part of the contact that has been fractured, 
with the fractures possibly filled with later aplite 
dikes and/or quartz veins is potentially a favor­
able area for mineralization.
5. If aplite dikes are present, it is possible that 
they may have acted as barriers to mineralization. 
Even if sedimentary beds are not mineralized beyond
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their intersection with a dike, the beds should be 
prospected toward the suspected source of the 
mineralization.
6 . Quartz veins related to mineralization may result 
in concentrations of ore along their strike and 
dip. By projecting the veins, favorable areas to 
explore may be found.
7 . In an area of tungsten mineralization, premineral 
faulting may serve as a control factor, or fault­
ing in combination with other favorable factors 
would provide areas susceptible to mineralization.
All of the guides listed above assume a known
tungs ten area with which to work. They are useful in the
search for' new ore zones in known tungsten districts.
There are two principles that fall into the mis­
cellaneous classification. They may be used to give a 
rough estimate as to the expected grade and size of a de -
posit.
1. In the case of a metamorphic inclusion, the best 
grade is commonly at the top. Therefore, the min­
eralization in the outcrop cannot be expected to
increase in value with depth.
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2. Color of fluorescence of scheelite will give a 
clue to the relationship of the deposit to the 
source of mineralization. In general, the largest 
deposits tend to be closest to the source of min­
eralization. ^The presence of scheelite that fluor­
esces yellow indicates that the deposit is close 
to its source. The presence of scheelite of both 
yellow and blue fluorescence indicates that sev­
eral periods of mineralization occurred, and the 
chances of finding a large deposit are increased./

A P P E N D I C E S
I
A. Classification of Tungsten Deposits
Tungsten occurrences in the project area fall 
into six general genetic classifications. These groups are:
1. Disseminations in an igneous mass.
2. Pegmatite deposits.
3. Contact metamorphic deposits.
4. Quartz vein deposits.
5. Hot spring deposits.
6. Placer deposits
Although there are deposits which fall into each 
category, by far the largest number of occurrences in the 
Sierra Nevada region are the type described as "contact 
metamorphic."
B. Tungsten Minerals
Tungsten has never been found as a native ele­
ment, but has always been found in combination with other 
substances, and in a relatively small number of minerals. 
Tungsten minerals, in common, have a high specific gravity,
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show a general lack of good crystal form, and readily respond 
to the qualitative tests for tungsten. The tungsten content 
of the minerals ranges from a theoretical 80$ W03 in scheel- 
ite or 92.8$ W03 in tungstite, to little more than traces 
in some of the rare earth minerals (Kerr, 1946, p. 69).
The most frequently found minerals are the tungstates of 
calcium, iron, and manganese. Tungstite, a hydrous oxide 
of tungsten, is found as an oxidation product of the tung­
states, and is not an important ore mineral.
The tungstates, based on their general appearance, 
are generally classified into two groups: the wolframite 
group and the scheelite group. The minerals in the wolfra­
mite group are metallic to submetallic in appearance, while 
those in the scheelite group are stony in appearance (Hess,
1917), p. 20).
The Wolframite Group
The minerals of this group constitute one of the 
most important tungsten-bearing mineral groups. The wolfra­
mite group, all monoclinic tungstates, forms an isomorphous 
series from nearly pure iron tungstate at one end to pure 
manganese tungstate at the other. The minerals are:
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1. Ferberite - FeW04
2. Wolframi te - (Fe,Mn)W04
3. Huebneri te - MnW04
The Scheelite Group
The minerals of this group are tetragonal, cal­
cium tungstates.
The minerals are:
1. Scheelite - CaW04
2. Powellite - CaMo04
Dana (1951, p. 1075) states that molybdenum can 
substitute for tungsten, and a partial isomorphous series 
extends toward powellite to at least Mo:W = 1:1.38. All 
scheelite ordinarily contains small amounts of molybdenum.
In reference to powellite, Dana also says that it is a sec­
ondary mineral only, formed by the alteration of molybdenite. 
Tungsten substitutes for molybdenum up to about Mo:W = 9:1, 
and a complete series apparently does not exist to scheelite 
in natural material.
A very interesting and important property of the 
scheelite group is its fluorescence. Of even more interest, 
the color of fluorescence varies with the amount of
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molybdenum in the mineral. Pure calcium tungstate, scheel- 
ite, fluorescenes an ice blue color, while an increase in 
the amount of molybdenum will cause the color to grade 
through white, then pale yellow, to a yellow-orange color.
However, the color may be used to estimate the 
per cent molybdenum up to a certain point only.. The orange 
color of scheelite with 5$ molybdenum is not distinguishable 
from the color of pure powellite. Therefore, estimates are 
good up to roughly 5$ molybdenum only.
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